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(54) Method and apparatus for resurfacing an articular surface 



(57) A biocompatible, bioresorbable tissue repair 
implant or scaffold device is provided for use in repairing 
a variety of cartilage tissue injuries, and particularly for 
resurfacing and/or repairing damaged or diseased car- 
tilage. The repair procedures may be conducted with tis- 
sue repair implants that contain a biological component 
that assists in delaying or arresting the progression of 
degenerative joint diseases and in enhancing tissue 



healing or repair. The biocompatible, bioresorbable tis- 
sue repair implants include a scaffold and particles of 
viable tissue derived from cartilage tissue, such that the 
tissue and the scaffold become associated. The parti- 
cles of living tissue contain one or more viable cells that 
can migrate from the tissue and populate the scaffold. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] Not applicable. 

FIELD OF THE INVENTION 

[0003] The present invention relates to surgical meth- 
ods and apparatus, and more particularly to a method 
for resurfacing and functionally restoring an articular 
surface of a joint to delay the progression of cartilage 
damage caused by degenerative joint diseases such as 
osteoarthritis, and biocompatible, biorebsorbable tissue 
implant devices useful in such a method. 

BACKGROUND OF THE INVENTION 

[0004] Injuries to soft tissue, such as cartilage, skin, 
muscle, bone, tendon and ligament, where the tissue 
has been injured or traumatized frequently require sur- 
gical intervention to repair the damage and facilitate 
healing. Such surgical repairs can include suturing or 
otherwise repairing the damaged tissue with known 
medical devices, augmenting the damaged tissue with 
other tissue, using an implant, a graft or any combination 
of these techniques. 

[0005] One common example of cartilage injury is 
damage to the menisci of a knee joint. There are two 
menisci of the knee joint, a medial and a lateral menis- 
cus. Each meniscus is a biconcave, fibrocartilage tissue 
that is interposed between the femur and tibia of the leg. 
In addition to the menisci of the knee joint, meniscal car- 
tilage can also be found in the acromioclavicular joint, /. 
e., the joint between the clavicle and the acromion of the 
scapula, in the sternoclavicular joint, i.e., the joint be- 
tween the clavicle and the sternum, and in the tempo- 
romandibular joint, i.e., the joint of the lower jaw. The 
primary functions of meniscal cartilage are to bear 
loads, to absorb shock and to stabilize a joint. If not treat- 
ed properly, an injury to the meniscus, such as a "buck- 
et-handle tear" in the knee joint, may lead to the devel- 
opment of osteoarthritis. Current conventional treat- 
ment modalities for damaged meniscal cartilage include 
the removal and/or surgical repair of the damaged car- 
tilage. 

[0006] One common type of tissue injury at the knee 
joint involves damage to articular cartilage, a non-vas- 
cular, resilient, and flexible connective tissue. Cartilage 
typically acts as a "shock-absorber" at articulating joints, 
but some types of cartilage provide support to tubular 
structures, such as for example, the larynx, air passag- 
es, and the ears. In general, cartilage tissue is com- 



prised of cartilage cells, known as chondrocytes, locat- 
ed in an extracellular matrix, which contains collagen, a 
structural scaffold, and aggrecan, a space-filling prote- 
oglycan. Several types of cartilage can be found in the 

5 body, including hyaline cartilage, fibrocartilage and elas- 
tic cartilage. Hyaline cartilage can appear in the body as 
distinct pieces, or alternatively, this type of cartilage can 
be found fused to the articular ends of bones. Hyaline 
cartilage is generally found in the body as articular car- 

10 tilage, costal cartilage, and temporary cartilage (/.e., car- 
tilage that is ultimately converted to bone through the 
process of ossification). Fibrocartilage is a transitional 
tissue that is typically located between tendon and bone, 
bone and bone, and/or hyaline cartilage and hyaline car- 
's tilage. Elastic cartilage, which contains elastic fibers dis- 
tributed throughout the extracellular matrix, is typically 
found in the epliglottis, the ears and the nose. 
[0007] One common example of hyaline cartilage in- 
jury is a traumatic focal articular cartilage defect to the 

20 knee. A strong mechanical or loading impact to the joint 
can result in the complete or partial detachment or re- 
moval of a cartilage fragment of various size and shape. 
Damaged articular cartilage can severely restrict joint 
function, cause debilitating pain and may result in long 

25 term chronic diseases such as osteoarthritis, which 
gradually destroys the cartilage and underlying bone of 
the joint. Injuries to the articular cartilage tissue will not 
heal spontaneously and require surgical intervention if 
symptomatic. The current modality of treatment consists 

30 of lavage, removal of partially or completely unattached 
tissue fragments. In addition, the surgeon will often use 
a variety of methods such as abrasion, drilling or micro- 
fractures, to induce bleeding into the cartilage defect 
and formation of a clot. It is believed that the cells com- 

35 jng from the marrow will form a scar-like tissue called 
fibrocartilage that can provide temporary relief to some 
symptoms. Unfortunately, the fibrocartilage tissue does 
not have the same mechanical properties as hyaline 
cartilage and degrades faster over time as a conse- 

40 quence of wear. Patients typically have to undergo re- 
peated surgical procedures to relieve reoccurring symp- 
toms, though this type of surgery does not delay or pre- 
vent further deterioration of the cartilage surface. 
[0008] More recently, experimental approaches in- 

45 volving the implantation of autologous chondrocytes 
have been used with increasing frequency. The process 
involves the harvest of a small biopsy of articular carti- 
lage in a first surgical procedure, which is then trans- 
ported to a laboratory specialized in cell culture for am- 

50 plification. The tissue biopsy is treated with enzymes 
that will release the chondrocyte cells from the matrix, 
and the isolated cells will be grown for a period of 3 to 
4 weeks using standard tissue culture techniques. Once 
the cell population has reached a target number, the 

55 cells are sent back to the surgeon for implantation during 
a second surgical procedure. This manual labor-intense 
process is extremely costly and time consuming. Al- 
though, the clinical data suggest long term benefit for 
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the patient, the prohibitive cost of the procedure com- 
bined with the traumatic impact of two surgical proce- 
dures to the knee, has hampered reasonable accept- 
ance of this technique among patients and doctors. 
[0009] Other known surgical techniques for the surgi- 
cal treatment of damaged tissue (e.g., cartilage, menis- 
cal cartilage, ligaments, tendons and skin) include the 
use of surgical implants. Various surgical implants are 
known and have been used in surgical procedures to 
help achieve these benefits. For example, it is known to 
use various devices and techniques for creating im- 
plants having isolated cells loaded onto a delivery vehi- 
cle. Such cell-seeded implants are used in an in vitro 
method of making and/or repairing cartilage by growing 
cartilaginous structures that consist of chondrocytes 
seeded onto biodegradable, biocompatible fibrous pol- 
ymeric matrices. Such methods also require the initial 
isolation of chondrocytes from cartilaginous tissue prior 
to the chondrocytes being seeded onto the polymeric 
matrices. Other techniques for repairing damaged tis- 
sue employ implants having stem or progenitor cells that 
are used to produce the desired tissue. For example, it 
is known to use stem or progenitor cells, such as the 
cells within fatty tissue, muscle, or bone marrow, to re- 
generate bone and/or cartilage in a patient. The stem 
cells are removed from the patient and placed in an en- 
vironment favorable to cartilage formation, thereby in- 
ducing the fatty tissue cells to proliferate and to create 
a different type of cell, such as for example, cartilage 
cells. 

[0010] While these current treatments address focal 
point defects, they are not tailored for treating large sur- 
face areas of diseased or damaged tissue (e.g., carti- 
lage) that occur with the progression of degenerative 
joint diseases such as osteoarthritis. Osteoarthritis is a 
long term degenerative joint disease that results from 
the breakdown of the joint's cartilage. In patients suffer- 
ing from osteoarthritis, as the cartilage wears down, the 
bones rub against each other, damaging the bones and 
causing pain and limited movement of the joint. Swelling 
and stiffness of the joint can also occur, along with the 
creation of bony spurs that can decrease the flexibility 
in the affected joint. If the disease is advanced or severe 
enough, the bones of the joint may grow into each other, 
or fuse together, and result in complete loss of move- 
ment. 

[0011] At the present time, there is no cure for oste- 
oarthritis. Current treatment options focus on slowing 
down the progression of the disease, pain management 
and/or improving joint movement. Corticosteroids, glu- 
cocorticosteroids, aspirin, ibuprofen, or acetaminophen 
can be administered, as well as heat/cold therapy for 
the temporary relief of pain. A typical treatment regimen 
can include, in addition to the administration of thera- 
peutic agents listed above, physical therapy and regular 
exercise to keep the joints flexible and improve muscle 
strength. Weight loss can also reduce excess stress on 
weight-bearing joints, while splints can be used to pro- 



4 

tect the joint and prevent further stress or strain. If all 
attempted treatments fail, surgery may be necessary to 
fuse, replace or stop deformation in the joints and relieve 
chronic pain. 

s [0012] Since osteoarthritis is a chronic disease that 
has a fairly long progression window before a total knee 
replacement surgery can be recommended, there exists 
a need for a way to provide early surgical or medical 
intervention to arrest the progression, and possibly en- 
able the prevention, of the joint's destruction. Further- 
more, because current surgical devices and methods of 
treatment involving osteochondral transplantation and 
chondrocyte transplantation suffer from setbacks such 
as incomplete tissue integration and tedious implant 
manufacturing process and prolonged rehabilitation 
time, there exists a need for a surgical solution for re- 
pairing a cartilage defect spanning a large surface area 
which overcomes the aforementioned problems. 



[001 3] This invention relates to a method for resurfac- 
ing a large surface area (e.g., greater than about 10 
cm 2 ) such as an entire condyle area where both carti- 
lage and subchondral bone tissues have been affected 
by degeneration such as by osteoarthritis. More specif- 
ically, a method is provided for resurfacing an articular 
surface of a bone joint by replacing damaged or dis- 
eased cartilage tissue with a tissue-engineered con- 
struct for growing new cartilage tissue. Also provided 
with this invention are biocompatible, bioresorbable tis- 
sue implants for use in treating tissue, and the methods 
for making and using these implants. For example, the 
tissue implants can be used for the repair and/or regen- 
eration of diseased or damaged tissue such as dam- 
aged cartilage tissue that results from the onset of os- 
teoarthritis. The implants include a biocompatible, biore- 
sorbable scaffold used alone as a regenerative space 
holder, and can optionally be associated with a suspen- 
sion containing healthy minced tissue fragments. The 
biocompatible tissue implants can also include an addi- 
tional biological agent and/or an optional retaining ele- 
ment placed over the suspension of minced tissue. In 
an exemplary embodiment where the tissue implant is 
to repair damaged cartilage tissue of an articular sur- 
face, the minced tissue fragment can comprise cartilage 
tissue containing chondrocytes, or fragments of bone 
marrow. 

[0014] The invention also relates to a method of pre- 
paring such biocompatible, bioresorbable tissue im- 
plants useful as regenerative space holders for cell in- 
growth, infiltration or migration. The implants are made 
by providing at least one biocompatible, bioresorbable 
scaffold and a sample of minced tissue, processing the 
tissue sample to create a suspension of viable tissue 
having at least one kind of tissue fragment, and depos- 
iting the tissue sample upon the scaffold. In one embod- 
iment, the method of producing these implants can in- 
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elude the further step of incubating the tissue-laden 
scaffold in a suitable environment for a duration and un- 
der conditions that are sufficient to effectively allow cells 
within the tissue sample to populate the scaffold. 
[0015] The invention also relates to methods of treat- 
ing tissue using the biocompatible, bioresorbable tissue 
implants of the present invention. Tissue treatment ac- 
cording to these methods can be performed by providing 
a biocompatible, bioresorbable scaffold and a sample 
of minced tissue, depositing the tissue sample upon the 
biocompatible scaffold, and placing the tissue-laden 
scaffold in a desired position relative to the tissue to be 
treated. In one embodiment, tissue repair can be 
achieved by providing a biocompatible scaffold and a 
sample of minced tissue, depositing the tissue sample 
in a desired position relative to the tissue injury, and 
placing the biocompatible scaffold over the tissue. In an- 
other embodiment, the method of producing these im- 
plants can include the further step of incubating the tis- 
sue-laden scaffold in a suitable environment for a dura- 
tion and under conditions that are effective to allow cells 
within the tissue sample to populate the scaffold. In yet 
another embodiment, the methods of treating tissue can 
also include the additional step of affixing the scaffold in 
a desired position relative to the tissue to be treated, 
such as, for example, by fastening the tissue-laden scaf- 
fold in place. 

[0016] In an exemplary embodiment, the implant can 
be used to resurface large chondral defects. In particu- 
lar, the implant can be used to treat cartilage defects in 
a high weight-bearing condyle area in a knee joint re- 
sulting from the onset of osteoarthritis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The invention can be more fully understood 
from the following detailed description taken in conjunc- 
tion with the accompanying exemplary drawing, in 
which: 

FIG. 1 shows a diagram of the method of preparing 
and attaching a tissue repair implant of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The present invention provides a tissue-engi- 
neered approach to replacing arthritic cartilage resulting 
from the progression of a degenerative joint disease 
such as osteoarthritis. The approach involves replacing 
a large surface area of diseased or damaged cartilage 
with an implant that is fashioned to provide optimal new 
cell and tissue growth at the implanted area. The implant 
comprises a flexible scaffold that can conform to the 
contours or curvature of the surface area on which the 
implant is to be fixed, yet provides sufficient mechanical 
support for cell ingrowth, infiltration or migration. In one 
embodiment, the present invention provides a surgical 



approach for preparing, delivering, and fixing a con- 
struct that includes the implant of the present invention 
either impregnated with cartilage tissue, or without any 
tissue associated with the implant, to a subchondral 
5 bone surface where damaged or diseased cartilage has 
been removed. 

[001 9] In an exemplary method of the present inven- 
tion, a patient having an isolated cartilage lesion at the 
articular surface of a bone joint such as the knee is pre- 

10 pared for tissue repair surgery. Through an arthrotomy 
incision, the knee joint can be opened and the lesion 
exposed. The arthritic cartilage tissue is removed, along 
with any fibrillation and fissures on the articular surface. 
Debridement of the articular surface should be deep 

15 enough to expose a subchondral bone surface for re- 
ceiving the tissue repair implant of the present invention. 
If desired, holes can be formed on the subchondral bone 
surface to induce bleeding and effect marrow cell infil- 
tration prior to placement of the implant onto the surface. 

20 Once the articular surface has been properly prepared, 
the tissue repair implant can be implanted onto the pre- 
pared articular surface, and secured in place. 
[0020] The biocompatible, bioresorbable tissue repair 
implants used for the articular resurfacing of the present 

25 invention include a biocompatible, bioresorbable scaf- 
fold and, optionally, a suspension of minced tissue hav- 
ing at least one minced tissue fragment, wherein the 
minced tissue suspension is associated with the scaf- 
fold. The minced tissue in the suspension of the present 

30 invention includes at least one viable cell that can mi- 
grate from the tissue fragment and onto the scaffold. 
[0021 ] The scaffold has at least a portion that is in con- 
tact with the minced tissue suspension. The minced tis- 
sue suspension can be disposed on the outer surface 

35 of the scaffold, on an inner region of the scaffold, and 
any combination thereof, or alternatively, the entire scaf- 
fold can be in contact with the minced tissue suspen- 
sion. The scaffold can be formed using virtually any ma- 
terial or delivery vehicle that is biocompatible, bioim- 

40 plantable, easily sterilized and that has sufficient struc- 
tural integrity and physical and/or mechanical properties 
to effectively provide for ease of handling in an operating 
room environment and to permit it to accept and retain 
sutures or other fasteners without substantially tearing. 

45 Alternatively, the scaffold could be in the form of an in- 
jectable gel that would set in place at the defect site. 
Sufficient strength and physical properties are devel- 
oped in the scaffold through the selection of materials 
used to form the scaffold, and the manufacturing proc- 

so ess. Preferably, the scaffold is also pliable so as to allow 
the scaffold to adjust to the dimensions of the target site 
of implantation. In some embodiments, the scaffold can 
be a bioresorbable or bioabsorbable material. 
[0022] In one embodiment of the present invention, 

55 the scaffold can be formed from a biocompatible poly- 
mer. A variety of biocompatible polymers can be used 
to make the biocompatible tissue implants or scaffold 
devices according to the present invention. The biocom- 
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patible polymers can be synthetic polymers, natural pol- 
ymers or combinations thereof. As used herein the term 
"synthetic polymer"' refers to polymers that are not found 
in nature, even if the polymers are made from naturally 
occurring biomaterials. The term "natural polymer" re- 
fers to polymers that are naturally occurring. In embod- 
iments where the scaffold includes at least one synthetic 
polymer, suitable biocompatible synthetic polymers can 
include polymers selected from the group consisting of 
aliphatic polyesters, poly(amino acids), copoly(ether- 
esters), polyalkylenes oxalates, polyamides, tyrosine 
derived polycarbonates, poly(iminocarbonates), poly- 
orthoesters, polyoxaesters, polyamidoesters, polyox- 
aesters containing amine groups, poly(anhydrides), 
polyphosphazenes, and blends thereof. Suitable syn- 
thetic polymers for use in the present invention can also 
include biosynthetic polymers based on sequences 
found in collagen, elastin, thrombin, fibronectin, starch- 
es, poly(amino acid), polypropylene fumarate), gelatin, 
alginate, pectin, fibrin, oxidized cellulose, chitin, chi- 
tosan, tropoelastin, hyaluronic acid, ribonucleic acids, 
deoxyribonucleic acids, polypeptides, proteins, 
polysaccharides,' polynucleotides and combinations 
thereof. 

[0023] For the purpose of this invention aliphatic pol- 
yesters include, but are not limited to, homopolymers 
and copolymers of lactide (which includes lactic acid, 
D-.L- and meso lactide); glycolide (including glycolic ac- 
id); e-caprolactone; p-dioxanone (1 ,4-dioxan-2-one); tri- 
methylene carbonate (1 ,3-dioxan-2-one); alkyl deriva- 
tives of trimethylene carbonate; 5-valerolactone; p-bu- 
tyrolactone; y-butyro lactone; e-decalactone; hydroxybu- 
tyrate; hydroxyvalerate; 1 ,4-dioxepan-2-one (including 
its dimer 1,5,8,1 2-tetraoxacyclotetradecane-7,1 4-di- 
one); 1 ,5-dioxepan-2-one; 6,6-dimethyM ,4-dioxan- 
2-one; 2,5-diketomorpholine; pivalolactone; a, a di- 
ethylpropiolactone; ethylene carbonate; ethylene 
oxalate; 3-methyl-1 ,4-dioxane-2,5-dione; 3,3-diethyl- 
1 ,4-dioxan-2,5-dione; 6,6-dimethyl-dioxepan-2-one; 
6,8-dioxabicycloctane-7-one and polymer blends there- 
of. Aliphatic polyesters used in the present invention can 
be homopolymers or copolymers (random, block, seg- 
mented, tapered blocks, graft, triblock, etc.) having a lin- 
ear, branched or star structure. Poly(iminocarbonates), 
for the purpose of this invention, are understood to in- 
clude those polymers as described by Kemnitzer and 
Kohn, in the Handbook of Biodegradable Polymers , ed- 
ited by Domb, et. al., Hardwood Academic Press, pp. 
251-272 (1997), Copoly(ether-esters), for the purpose 
of this invention, are understood to include those copol- 
yester-ethers as described in the Journal of Biomateri- 
als Research, Voi. 22, pages 993-1009, 1988 by Cohn 
and Younes, and in Polymer Preprints (ACS Division of 
Polymer Chemistry), Vol. 30(1), page 498, 1989 by 
Cohn (e.g., PEO/PLA). Polyalkylene oxalates, for the 
purpose of this invention, include those described in U. 
S. Patent Numbers 4,208,511; 4,141,087; 4,130,639; 
4,140,678; 4,105,034; and 4,205,399. Polyphosp- 



hazenes, co-, ter- and higher order mixed monomer 
based polymers made from L-lactide, D.L-lactide, lactic 
acid, glycolide, glycolic acid, para-dioxanone, trimethyl- 
ene carbonate and e-caprolactone such as are de- 

5 scribed by Allcock in The Encyclopedia of Polymer Sci- 
ence , Vol. 13, pages 31-41, Wiley Intersciences, John 
Wiley & Sons, 1 988 and by Vandorpe, et al in the Hand- 
book of Biodegradable Polymers , edited by Domb, et 
al., Hardwood Academic Press, pp. 161-182 (1997). 

io Polyanhydrides include those derived from diacids of 
the form HOOC-C 6 H 4 -0-(CH 2 ) m -0-C 6 H 4 -COOH, 
where "m" is an integer in the range of from 2 to 8, and 
copolymers thereof with aliphatic alpha-omega diacids 
of up to 12 carbons. Polyoxaesters, polyoxaamides and 

15 polyoxaesters containing amines and/or amido groups 
are described in one or more of thefollowing U.S. Patent 
Nos. 5,464,929; 5,595,751; 5,597,579; 5,607,687; 
5,618,552; 5,620,698; 5,645,850; 5,648,088; 
5,698,213; 5,700,583; and 5,859,150. Polyorthoesters 

20 such as those described by Heller in Handbook of Bio- 
degradable Polymers , edited by Domb, etaL, Hardwood 
Academic Press, pp. 99-118 (1997). 
[0024] As used herein, the term "glycolide" is under- 
stood to include polyglycolic acid. Further, the term "lac- 

25 tide" is understood to include L-lactide, D-lactide, blends 
thereof, and lactic acid polymers and copolymers. 
[0025] Elastomeric copolymers are also particularly 
useful in the present invention. Suitable elastomeric pol- 
ymers include those with an inherent viscosity in the 

30 range of about 1 .2 dL/g to 4 dL/g, more preferably about 
1 .2 dL/g to 2 dL/g and most preferably about 1 .4 dL/g 
to 2 dL/g as determined at 25°C in a 0.1 gram per decili- 
ter (g/dL) solution of polymer in hexafluoroisopropanol 
(HFIP). Further, suitable elastomers exhibit a high per- 

35 cent elongation and a low modulus, while possessing 
good tensile strength and good recovery characteristics. 
In the preferred embodiments of this invention, the elas- 
tomer exhibits a percent elongation greater than about 
200 percent and preferably greater than about 500 per- 

^0 cent. In addition to these elongation and modulus prop- 
erties, suitable elastomers should also have a tensile 
strength greater than about 500 psi, preferably greater 
than about 1 ,000 psi, and a tear strength of greater than 
about 50 lbs/inch, preferably greater than about 80 lbs/ 

45 inch. 

[0026] Exemplary biocompatible elastomers that can 
be used in the present invention include, but are not lim- 
ited to, elastomeric copolymers of e-caprolactone and 
glycolide (including polyglycolic acid) with a mole ratio 

50 of e-caprolactone to glycolide of from about 35:65 to 
about 65:35, more preferably from 45:55 to 35:65; elas- 
tomeric copolymers of e-caprolactone and lactide (in- 
cluding L-lactide, D-lactide, blends thereof, and lactic 
acid polymers and copolymers) where the mole ratio of 

55 e-caprolactone to lactide is from about 35:65 to about 
65:35 and more preferably from 45:55 to 30:70 or from 
about 95:5 to about 85:1 5; elastomeric copolymers ofp- 
dioxanone (1 ,4-dioxan-2-one) and lactide (including L- 
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lactide, D-lactide r blends thereof, and lactic acid poly- 
mers and copolymers) where the mole ratio ofp-diox- 
anone to lactide is from about 40:60 to about 60:40; 
elastomeric copolymers of e-caprolactone and p-diox- 
anone where the mole ratio of e-caproiactone to p-diox- 5 
anone is from about from 30:70 to about 70:30; elasto- 
meric copolymers of p-dioxanone and trimethylene car- 
bonate where the mole ratio of p-dioxanone to trimeth- 
ylene carbonate is from about 30:70 to about 70:30; 
elastomeric copolymers of trimethylene carbonate and 
glycolide (Including polyglycolic acid) where the mole ra- 
tio of trimethylene carbonate to glycolide is from about 
30:70 to about 70:30; elastomeric copolymers of tri- 
methylene carbonate and lactide (including L-Iactide, D- 
lactide, blends thereof, and lactic acid polymers and co- 
polymers) where the mole ratio of trimethylene carbon- 
ate to lactide is from about 30:70 to about 70:30; and 
blends thereof. Examples of suitable biocompatible 
elastomers are described in U.S. Patent No. 5,468,253. 
[0027] In one embodiment, the elastomer is a copol- 
ymer of 35:65 e-caprolactone and glycolide, formed in 
a dioxane solvent and including a polydioxanone mesh. 
In another embodiment, the elastomer is a copolymer 
of 40:60 e-caprolactone and lactide with a polydiox- 
anone mesh. In yet another embodiment, the elastomer 
is a 50:50 blend of a 35:65 copolymer of e-caprolactone 
and glycolide and 40:60 copolymer of e-caprolactone 
and lactide. The polydioxanone mesh may be in the form 
of a one layer thick two-dimensional mesh or a multi- 
layer thick three-dimensional mesh. 
[0028] The scaffold of the present invention can, op- 
tionally, be formed from a bioresorbable or bioabsorba- 
ble material that has the ability to resorb in a timely fash- 
ion in the body environment. The differences in the ab- 
sorption time under in vivo conditions can also be the 
basis for combining two different copolymers when 
forming the scaffolds of the present invention. For ex- 
ample, a copolymer of 35:65 e-caprolactone and glycol- 
ide (a relatively fast absorbing polymer) can be blended 
with 40:60 e-caprolactone and L-lactide copolymer (a 
relatively slow absorbing polymer) to form a biocompat- 
ible scaffold. Depending upon the processing technique 
used, the two constituents can be either randomly inter- 
connected bicontinuous phases, or the constituents 
could have a gradient-like architecture in the form of a 
laminate type composite with a well integrated interface 
between the two constituent layers. The microstructure 
of these scaffolds can be optimized to regenerate or re- 
pair the desired anatomical features of the tissue that is 
being regrown. 

[0029] In one embodiment, it is desirable to use pol- 
ymer blends to form scaffolds which transition from one 
composition to another composition in a gradient-like ar- 
chitecture. Scaffolds having this gradient-like architec- 
ture are particularly advantageous in tissue engineering 
applications to repair or regenerate the structure of nat- 
urally occurring tissue such as cartilage (articular, me- 
niscal, septal, tracheal, auricular, costal, etc.), tendon, 



ligament, nerve, esophagus, skin, bone, and vascular 
tissue. For example, by blending an elastomer of e- 
caprolactone-co-glycolide with e-caprolactone-co-lac- 
tide (e.g. , with a mole ratio of about 5:95) a scaffold may 
be formed that transitions from a softer spongy material 
to a stiffer more rigid material, for example, in a manner 
similar to the transition from cartilage to bone. Clearly, 
one of ordinary skill in the art will appreciate that other 
polymer blends may be used for similar gradient effects, 
or to provide different gradients (e.g., different absorp- 
tion profiles, stress response profiles, or different de- 
grees of elasticity). For example, such design features 
can establish a concentration gradient for the suspen- 
sion of minced tissue associated with the scaffolds of 
the present invention, such that a higher concentration 
of the tissue fragments is present in one region of the 
implant (e.g., an interior portion) than in another region 
(e.g., outer portions). 

[0030] The biocompatible scaffold of the tissue repair 
implant of the present invention can also include a rein- 
forcing material comprised of any absorbable or non- 
absorbable textile having, for example, woven, knitted, 
warped knitted (i.e., lace-like), non-woven, and braided 
structures. In one embodiment, the reinforcing material 
has a mesh-like structure. In any of the above struc- 
tures, mechanical properties of the material can be al- 
tered by changing the density or texture of the material, 
the type of knit or weave of the material, the thickness 
of the material, or by embedding particles in the mate- 
rial. The mechanical properties of the material may also 
be altered by creating sites within the mesh where the 
fibers are physically bonded with each other or physi- 
cally bonded with another agent, such as, for example, 
an adhesive or a polymer. The fibers used to make the 
reinforcing component can be monofilaments, yams, 
threads, braids, or bundles of fibers. These fibers can 
be made of any biocompatible material including bioab- 
sorbable materials such as polylactic acid (PLA), poly- 
glycolic acid (PGA), polycaprolactone (PCL), polydiox- 
anone (PDO), trimethylene carbonate (TMC), copoly- 
mers or blends thereof. These fibers can also be made 
from any biocompatible materials based on natural pol- 
ymers including silk and collagen-based materials. 
These fibers can also be made of any biocompatible fib- 
er that is nonresorbable, such as, for example, polyeth- 
ylene, polyethylene terephthalate, poly(tetrafluoroethyl- 
ene), polycarbonate, polypropylene and polyvinyl alco- 
hol). In one embodiment, the fibers are formed from 95: 
5 copolymer of lactide and glycolide. 
[0031] Inanotherembodiment.thefibersthatformthe 
reinforcing material can be made of a bioabsorbable 
glass. Bioglass, a silicate containing calcium phosphate 
glass, or calcium phosphate glass with varying amounts 
of solid particles added to control resorption time are 
examples of materials that could be spun into glass fib- 
ers and used for the reinforcing material. Suitable solid 
particles that may be added include iron, magnesium, 
sodium, potassium, and combinations thereof. 
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[0032] The biocompatible scaffolds as well as the re- 
inforcing material may also be formed from a thin, per- 
foration-containing elastomeric sheet with pores or per- 
forations to allow tissue ingrowth. Such a sheet could 
be made of blends or copolymers of polylactic acid 
(PLA), polyglycolic acid (PGA), polycaprolactone (PCL), 
and polydioxanone (PDO). 

[0033] In one embodiment, filaments that form the 
biocompatible scaffolds or the reinforcing material may 
be co-extruded to produce a filament with a sheath/core 
construction. Such filaments are comprised of a sheath 
of biodegradable polymer that surrounds one or more 
cores comprised of another biodegradable polymer. Fil- 
aments with a fast-absorbing sheath surrounding a 
slower-absorbing core may be desirable in instances 
where extended support is necessary for tissue in- 
growth. 

[0034] One of ordinary skill in the art will appreciate 
that one or more layers of the reinforcing material may 
be used to reinforce the tissue implant of the invention. 
In addition, biodegradable textile scaffolds, such as, for 
example, meshes, of the same structure and chemistry 
or different structures and chemistries can be overlaid 
on top of one another to fabricate biocompatible tissue 
implants with superior mechanical strength. 
[0035] In embodiments where the scaffold includes at 
least one natural polymer, suitable examples of natural 
polymers include, but are not limited to, fibrin-based ma- 
terials, collagen-based materials, hyaluronic acid- 
based materials, glycoprotein-based materials, cellu- 
lose-based materials, silks and combinations thereof. 
By way of nonlimiting example, the biocompatible scaf- 
fold can be constructed from a collagen-based small in- 
testine submucosa. 

[0036] In another embodiment of the present inven- 
tion, the biocompatible scaffold can be formed from a 
biocompatible ceramic material. Suitable biocompatible 
ceramic materials include, for example, hydroxyapatite, 
ot-tricalcium phosphate, p-tricalcium phosphate, bioac- 
tive glass, calcium phosphate, calcium sulfate, calcium 
carbonate, xenogeneic and allogeneic bone material 
and combinations thereof. Suitable bioactive glass ma- 
terials for use in the present invention include silicates 
containing calcium phosphate glass, or calcium phos- 
phate glass with varying amounts of solid particles add- 
ed to control resorption time. Suitable compounds that 
may be incorporated into the calcium phosphate bioac- 
tive glass include, but are not limited to, magnesium ox- 
ide, sodium oxide, potassium oxide, and combinations 
thereof. 

[0037] In yet another embodiment of the tissue im- 
plants of the present invention, the scaffold can be 
formed using tissue grafts, such as may be obtained 
from autogeneic tissue, allogeneic tissue and xenoge- 
neic tissue. By way of non-limiting example, tissues 
such as skin, cartilage, ligament, tendon, periosteum, 
perichondrium, synovium, fascia, mesenter and sinew 
can be used as tissue grafts to form the biocompatible 



scaffold. In some embodiments where an allogeneic tis- 
sue is used, tissue from a fetus or newborns can be used 
to avoid the immunogenicity associated with some adult 
tissues. 

5 [0038] In another embodiment, the scaffold could be 
in the form of an injectable gel that would set in place at 
the defect site. The gel can be a biological or synthetic 
hydrogel, including alginate, cross-linked alginate, hy- 
aluronic acid, collagen gel, fibrin glue, fibrin clot, poly(N- 

10 isopropylacrylamide), agarose, chitin, chitosan, cellu- 
lose, polysaccharides, poly(oxyalkylene), a copolymer 
of poly(ethylene oxide)-poly(propylene oxide), polyvi- 
nyl alcohol), polyacrylate, platelet rich plasma (PRP) 
clot, platelet poor plasma (PPP) clot, Matrigel, or blends 

15 thereof. 

[0039] In still yet another embodiment of the tissue im- 
plants, the scaffold can be formed from a polymeric 
foam component having pores with an open cell pore 
structure. The pore size can vary, but preferably, the 

20 pores are sized to allow tissue ingrowth. More prefera- 
bly, the pore size is in the range of about 50 to 1000 
microns, and even more preferably, in the range of about 
50 to 500 microns. The polymeric foam component can , 
optionally, contain a reinforcing component, such as for 

25 example, the textiles disclosed above. In some embod- 
iments where the polymeric foam component contains 
a reinforcing component, the foam component can be 
integrated with the reinforcing component such that the 
pores of the foam component penetrate the mesh of the 

30 reinforcing component and interlock with the reinforcing 
component. 

[0040] The foam component of the tissue implant may 
be formed as a foam by a variety of techniques well 
known to those having ordinary skill in the art. For ex- 
35 ample, the polymeric starting materials may be foamed 
by lyophilization, supercritical solvent foaming (i.e., as 
described in EP 464,163), gas injection extrusion, gas 
injection molding or casting with an extractable material 
(e.g., salts, sugar or similar suitable materials). 
40 [0041] in one embodiment, the foam component of 
the engineered tissue repair implant devices of the 
present invention may be made by a polymer-solvent 
phase separation technique, such as lyophilization. 
Generally, however, a polymer solution can be separat- 
es ed into two phases by any one of the four techniques: 
(a) thermally induced gelation/crystallization; (b) non- 
solvent induced separation of solvent and polymer 
phases; (c) chemically induced phase separation, and 
(d) thermally induced spinodal decomposition. The pol- 
50 ymer solution is separated in a controlled manner into 
either two distinct phases or two bicontinuous phases. 
Subsequent removal of the solvent phase usually 
leaves a porous structure with a density less than the 
bulk polymer and pores in the micrometer ranges. See 
55 Microcellular Foams Via Phase Separation, J. Vac. Sci. 
Technol., A. T Young, Vol. 4(3), May/Jun 1986. 
[0042] The steps involved in the preparation of these 
foams include choosing the right solvents for the poly- 
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mers to be lyophilized and preparing a homogeneous 
solution. Next, the polymer solution is subjected to a 
freezing and vacuum drying cycle. The freezing step 
phase separates the polymer solution and vacuum dry- 
ing step removes the solvent by sublimation and/or dry- 
ing, leaving a porous polymer structure or an intercon- 
nected open cell porous foam. 

[0043] Suitable solvents that may be used in the prep- 
aration of the foam component include, but are not lim- 
ited to, formic acid, ethyl formate, acetic acid, hexafluor- 
oisopropanol (HFIP), cyclic ethers (e.g., tetrahydrofuran 
(THF), dimethylene fluoride (DMF), and polydioxanone 
(PDO)). acetone, acetates of C2 to C5 alcohols (e.g., 
ethyl acetate and t-buty I acetate), glyme (e.g., 
monoglyme, ethyl glyme, diglyme, ethyl diglyme, trig- 
lyme, butyl diglyme and tetraglyme), methylethyl ke- 
tone, dipropyleneglycol methyl ether, lactones (e.g., y- 
valerolactone, 5-valero lactone, p-butyrolactone, y-buty- 
rolactone), 1,4-dioxane, 1 ,3-dioxolane, 1 ,3-dioxolane- 
2-one (ethylene carbonate), dimethlycarbonate, ben- 
zene, toluene, benzyl alcohol, p-xylene, naphthalene, 
tetrahydrofuran, N-methyl pyrrolidone, dimethylforma- 
mide, chloroform, 1,2-dichloromethane, morpholine, 
dimethylsulfoxide, hexafluoroacetone sesquihydrate 
(HFAS), anisole and mixtures thereof. Among these sol- 
vents, a preferred solvent is 1 ,4-dioxane. A homogene- 
ous solution of the polymer in the solvent is prepared 
using standard techniques. 

[0044] The applicable polymer concentration or 
amount of solvent that may be utilized will vary with each 
system. Generally, the amount of polymer in the solution 
can vary from about 0,5% to about 90% and, preferably, 
will vary from about 0.5% to about 30% by weight, de- 
pending on factors such as the solubility of the polymer 
in a given solvent and the final properties desired in the 
foam. 

[0045] In one embodiment, solids may be added to 
the polymer-solvent system to modify the composition 
of the resulting foam surfaces. As the added particles 
settle out of solution to the bottom surface, regions will 
be created that will have the composition of the added 
solids, not the foamed polymeric material. Alternatively, 
the added solids may be more concentrated in desired 
regions (i.e., near the top, sides, or bottom) of the re- 
sulting tissue implant, thus causing compositional 
changes in all such regions. For example, concentration 
of solids in selected locations can be accomplished by 
adding metallic solids to a solution placed in a mold 
made of a magnetic material (or vice versa). 
[0046] A variety of types of solids can be added to the 
polymer-solvent system. Preferably, the solids are of a 
type that will not react with the polymer or the solvent. 
Generally, the added solids have an average diameter 
of less than about 1 .0 mm and preferably will have an 
average diameter of about 50 to about 500 microns. 
Preferably, the solids are present in an amount such that 
they will constitute from about i to about 50 volume per- 
cent of the total volume of the particle and polymer-sol- 



vent mixture (wherein the total volume percent equals 
100 volume percent). 

[0047] Exemplary solids include, but are not limited 
to, particles of demineralized bone, calcium phosphate 

5 particles, bioglass particles, calcium sulfate, or calcium 
carbonate particles for bone repair, leachable solids for 
pore creation and particles of bioabsorbable polymers 
not soluble in the solvent system that are effective as 
reinforcing materials or to create pores as they are ab- 

10 sorted, and non-bioabsorbable materials. 

[0048] Suitable leachable solids include nontoxic 
leachable materials such as salts (e.g. , sodium chloride, 
potassium chloride, calcium chloride, sodium tartrate, 
sodium citrate, and the like), biocompatible mono and 

15 disaccharides (e.g., glucose, fructose, dextrose, mal- 
tose, lactose and sucrose), polysaccharides (e.g., 
starch, alginate, chitosan), water soluble proteins (e.g., 
gelatin and agarose). The leachable materials can be 
removed by immersing the foam with the leachable ma- 

20 terial in a solvent in which the particle is soluble for a 
sufficient amount of time to allow leaching of substan- 
tially all of the particles, but which does not dissolve or 
detrimentally alter the foam. The preferred extraction 
solvent is water, most preferably distilled-deionized wa- 

25 ter. Such a process is described in U.S. Patent No. 
5,514,378. Preferably the foam will be dried after the 
leaching process is complete at low temperature and/or 
vacuum to minimize hydrolysis of the foam unless ac- 
celerated absorption of the foam is desired. 

30 [0049] Suitable non-bioabsorbable materials include 
biocompatible metals such as stainless steel, cobalt 
chrome, titanium and titanium alloys, and bioinert ce- 
ramic particles (e.g., alumina, zirconia, and calcium sul- 
fate particles). Further, the non-bioabsorbable materials 

35 may include polymers such as polyethylene, polyviny- 
lacetate, polymethylmethacrylate, polypropylene, poly 
(ethylene terephthalate), silicone, polyethylene oxide, 
polyethylene glycol, polyurethanes, polyvinyl alcohol, 
natural polymers (e.g., cellulose particles, chitin, and 

40 keratin), and fluorinated polymers and copolymers (e. 
g., polyvinylidene fluoride, polytetrafluoroethylene, and 
hexafluoropropylene). 

[0050] It is also possible to add solids (e.g., barium 
sulfate) that will render the tissue implants radio opaque. 
45 The solids that may be added also include those that 
will promote tissue regeneration or regrowth, as well as 
those that act as buffers, reinforcing materials or poros- 
ity modifiers. 

[0051] As noted above, porous, reinforced tissue re- 
50 pair implant devices of the present invention are made 
by injecting, pouring, or otherwise placing, the appropri- 
ate polymer solution into a mold set-up comprised of a 
mold and the reinforcing elements of the present inven- 
tion. The mold set-up is cooled in an appropriate bath 
55 or on a refrigerated shelf and then lyophilized, thereby 
providing a reinforced scaffold. A biological component 
can be added either before or after the lyophilization 
step. In the course of forming the foam component, it is 
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believed to be important to control the rate of freezing 
of the polymer-solvent system. The type of pore mor- 
phology that is developed during the freezing step is a 
function of factors such as the solution thermodynamics, 
freezing rate, temperature to which it is cooled, concen- 
tration of the solution, and whether homogeneous or 
heterogenous nucleation occurs. One of ordinary skill in 
the art can readily optimize the parameters without un- 
due experimentation. 

[0052] The required general processing steps include 
the selection of the appropriate materials from which the 
polymeric foam and the reinforcing components are 
made. If a mesh reinforcing material is used, the proper 
mesh density must be selected. Further, the reinforcing 
material must be properly aligned in the mold, the poly- 
mer solution must be added at an appropriate rate and, 
preferably, into a mold that is tilted at an appropriate an- 
gle to avoid the formation of air bubbles, and th e polymer 
solution must be lyophilized. 

[0053] In embodiments that utilize a mesh reinforcing 
material, the reinforcing mesh has to be of a certain den- 
sity. That is, the openings in the mesh material must be 
sufficiently small to render the construct sutureable or 
otherwise fastenable, but not so small as to impede 
proper bonding between the foam and the reinforcing 
mesh as the foam material and the open cells and cell 
walls thereof penetrate the mesh openings. Without 
proper bonding the integrity of the layered structure is 
compromised leaving the construct fragile and difficult 
to handle. Because the density of the mesh determines 
the mechanical strength of the construct, the density of 
the mesh can vary according to the desired use for tis- 
sue repair. In addition, the type of weave used in the 
mesh can determine the directionality of the mechanical 
strength of the construct, as well as the mechanical 
properties of the reinforcing material, such as for exam- 
ple, the elasticity, stiffness, burst strength, suture reten- 
tion strength and ultimate tensile strength of the con- 
struct. By way of non-limiting example, the mesh rein- 
forcing material in a foam-based biocompatible scaffold 
of the present invention can be designed to be stiff in 
one direction, yet elastic in another, or alternatively, the 
mesh reinforcing material can be made isotropic. 
[0054] During the lyophilization of the reinforced 
foam, several parameters and procedures are important 
to produce implants with the desired integrity and me- 
chanical properties. Preferably, the reinforcement ma- 
terial is substantially flat when placed in the mold. To 
ensure the proper degree of flatness, the reinforcement 
(e.g., mesh) is pressed flat using a heated press prior 
to its placement within the mold. Further, in the event 
that reinforcing structures are not isotropic it is desirable 
to indicate this anisotropy by marking the construct to 
indicate directionality. This can be accomplished by em- 
bedding one or more indicators, such as dyed markings 
or dyed threads, within the woven reinforcements. The 
direction or orientation of the indicator will indicate to a 
surgeon the dimension of the implant in which physical 



properties are superior. 

[0055] As noted above, the manner in which the pol- 
ymer solution is added to the mold prior to lyophilization 
helps contribute to the creation of a tissue implant with 
5 adequate mechanical integrity. Assuming that a mesh 
reinforcing material will be used, and that it will be posi- 
tioned between two thin (e.g., 0.75 mm) shims it should 
be positioned in a substantially flat orientation at a de- 
sired depth in the mold. The polymer solution is poured 
in a way that allows air bubbles to escape from between 
the layers of the foam component. Preferably, the mold 
is tilted at a desired angle and pouring is effected at a 
controlled rate to best prevent bubble formation. One of 
ordinary skill in the art will appreciate that a number of 
variables will control the tilt angle and pour rate. Gener- 
ally, the mold should be tilted at an angle of greater than 
about 1 degree to avoid bubble formation. In addition, 
the rate of pouring should be slow enough to enable any 
air bubbles to escape from the mold, rather than to be 
trapped in the mold. 

[0056] If a mesh material is used as the reinforcing 
component, the density of the mesh openings is an im- 
portant factor in the formation of a resulting tissue im- 
plant with the desired mechanical properties. A low den- 
sity, or open knitted mesh material, is preferred. One 
preferred material is a 90:1 0 copolymer of glycolide and 
lactide, sold under the tradename VICRYL (Ethicon, 
Inc., Somerville, NJ). One exemplary low density, open 
knitted mesh is Knitted VICRYL VKM-M, available from 
Ethicon, Inc., Somerville, NJ. Other preferred materials 
are polydioxanone or 95:5 copolymer of lactide and gly- 
colide. 

[0057] The density or "openness" of a mesh material 
can be evaluated using a digital photocamera interfaced 
with a computer. In one evaluation, the density of the 
mesh was determined using a Nikon SMZ-U Zoom with 
a Sony digital photocamera DKC-5000 interfaced with 
an IBM 300PL computer. Digital images of sections of 
each mesh magnified to 20x were manipulated using 
Image-Pro Plus 4.0 software in order to determine the 
mesh density. Once a digital image was captured by the 
software, the image was thresholded such that the area 
accounting for the empty spaces in the mesh could be 
subtracted from the total area of the image. The mesh 
density was taken to be the percentage of the remaining 
digital image. Implants with the most desirable mechan- 
ical properties were found to be those with a mesh den- 
sity in the range of about 1 2 to 80 % and more preferably 
about 45 to 80%. 

[0058] In one embodiment, the preferred scaffold for 
cartilage repair is a mesh reinforced foam. More prefer- 
ably, the foam is reinforced with a mesh that includes 
polydioxanone (PDO) and the foam composition is a co- 
polymer of 35:65 e-caprolactone and glycolide. For ar- 
ticular cartilage, the preferred structure to allow cell and 
tissue ingrowth is one that has an open pore structure 
and is sized to sufficiently allow cell migration. A suitable 
pore size is one in which an average diameter is in the 
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range of about 50 to 1 000 microns, and more preferably, 
between about 50 to 500 microns. The mesh layer has 
a thickness in the range of about 1 micron to 1000 mi- 
crons. Preferably, the foam has a thickness in the range 
of about 300 microns to 2 mm, and more preferably, be- 
tween about 500 microns and 1 .5 mm. Preferably, the 
mesh layer has a mesh density in the range of about 12 
to 80 % and more preferably about 45 to 80%. 
[0059] In another embodiment, the preferred scaffold 
for cartilage repair is a nonwoven structure. More pref- 
erably, the composition of the nonwoven structure are 
PANACRYL, a 95:5 copolymer of lactide and glycolide, 
VICRYL, a 90:10 copolymer of glycolide and lactide, or 
a blend of polydioxanone and VICRYL sold under the 
tradename ETHISORB (Johnson & Johnson Interna- 
tional, Belgium). For articular cartilage, the preferred 
structure to allow cell and tissue ingrowth is one that has 
an open pore structure and is sized to sufficiently allow 
cell migration. A suitable pore size for the nonwoven 
scaffold is one in which an average diameter is in the 
range of about 50 to 1 000 microns and more preferably 
between about 1 00 to 500 microns. The nonwoven scaf- 
fold has a thickness between about 300 microns and 2 
mm, and more preferably, between about 500 microns 
and 1 .5 mm. 

[0060] In one embodiment, the preferred scaffold for 
meniscus repair is a mesh reinforced foam. More pref- 
erably, the foam is reinforced foam with a mesh that in- 
cludes polydioxanone (PDO) and the foam composition 
is a copolymer of 35:65 e-caprol acton e and glycolide. 
The preferred structure to allow cell and tissue ingrowth 
is one that has an open pore structure and is sized to 
sufficiently allow cell migration. A suitable pore size is 
one in which an average diameter is in the range of 
about 50 to 1000 microns, and more preferably, be- 
tween about 50 to 500 microns. The mesh layer has a 
thickness in the range of about 1 micron to 1000 mi- 
crons. Preferably, the foam has a thickness in the range 
of about 300 microns to 2 mm, and more preferably, be- 
tween about 500 microns and 1.5 mm. In this embodi- 
ment, the preferred method of use is to surround the 
minced cartilage tissue with this scaffold material. Pref- 
erably, the mesh layer has a mesh density in the range 
of about 12 to 80 % and more preferably about 45 to 
80%. 

[0061] One of ordinary skill in the art will appreciate 
that the selection of a suitable material for forming the 
biocompatible scaffold of the present invention depends 
on several factors. These factors include in vivo me- 
chanical performance; cell response to the material in 
terms of cell attachment, proliferation, migration and dif- 
ferentiation; biocompatibility; and optionally, bioabsorp- 
tion (or bio-degradation) kinetics. Other relevant factors 
include the chemical composition, spatial distribution of 
the constituents, the molecular weight of the polymer, 
and the degree of crystallinity. 

[0062] In addition to the biocompatible scaffold, the 
tissue repair implants of the present invention further in- 



clude at least one sample of viable tissue that is asso- 
ciated with at least a portion of the scaffold. The term 
"viable," as used herein, refers to a tissue sample having 
one or more viable cells. Virtually any type of tissue can 
5 be used to construct the tissue repair implants of the 
present invention. Preferably, the tissue used is select- 
ed from cartilage tissue, meniscal tissue, ligament tis- 
sue, tendon tissue, skin tissue, bone tissue, muscle tis- 
sue, periosteal tissue, pericardial tissue, synovial tissue, 
nerve tissue, fat tissue, kidney tissue, bone marrow, liver 
tissue, bladder tissue, pancreas tissue, spleen tissue, 
intervertebral disc tissue, embryonic tissue, periodontal 
tissue, vascular tissue, blood and combinations thereof. 
In one embodiment useful for cartilage repair, the tissue 
is free of bone tissue and is selected from the group con- 
sisting of f ibrocartilage tissue containing chondrocytes, 
meniscal tissue, ligament tissue and tendon tissue. The 
tissue used to construct the tissue implant can be au- 
togeneic tissue, allogeneic tissue, or xenogeneic tissue. 
For example, healthy cartilage tissue, bone marrow tis- 
sue or aspirates are suitable for use with tissue repair 
implants for repairing condylar surfaces. 
[0063] In one embodiment useful for meniscal repair, 
the tissue used in the tissue repair implant can be se- 
lected from the group consisting of meniscal tissue, car- 
tilage tissue, skin, synovial tissue, periosteal tissue, 
pericardial tissue, fat tissue, bone marrow, blood, ten- 
don tissue, ligament tissue, or combinations thereof. 
The tissue can be obtained using any of a variety of con- 
ventional techniques, such as for example, by biopsy or 
other surgical removal. Preferably, the tissue sample is 
obtained under aseptic conditions. Once a sample of liv- 
ing tissue has been obtained, the sample can then be 
processed under sterile conditions to create a suspen- 
sion having at least one minced, or finely divided, tissue 
particle. The particle size of each tissue fragment can 
vary, for example, the tissue size can be in the range of 
about 0.1 and 3 mm 3 , in the range of about 0.5 and 1 
mm 3 , in the range of about 1 to 2 mm 3 , or in the range 
of about 2 to 3 mm 3 , but preferably the tissue particle is 
less than 1 mm 3 . 

[0064] Preferably, the minced tissue has at least one 
viable cell that can migrate from the tissue fragment onto 
the scaffold. More preferably, the tissue contains an ef- 
fective amount of cells that can migrate from the tissue 
fragment and begin populating the scaffold after implan- 
tation. In an optional embodiment, the minced tissue 
fragments may be contacted with a matrix-digesting en- 
zyme to facilitate cell migration out of the extracellular 
matrix surrounding the cells. The enzymes are used to 
increase the rate of cell migration out of the extracellular 
matrix and into the scaffold material. Suitable matrix-di- 
gesting enzymes that can be used in the present inven- 
tion include, but are not limited to, collagenase, metal- 
loproteinase,chondroitinase, trypsin, elastase, hyaluro- 
nidase, petidase, thermolysin and protease. 
[0065] In one embodiment, the minced tissue parti- 
cles can be formed as a suspension in which the tissue 
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particles are associated with a physiological buffering 
solution. Suitable physiological buffering solutions in- 
clude, but are not limited to, saline, phosphate buffer so- 
lution, Hank's balanced salts, Tris buffered saline, 
Hepes buffered saline and combinations thereof. In ad- 
dition, the tissue can be minced in any standard cell cul- 
ture medium known to those having ordinary skill in the 
art, either in the presence or absence of serum. Prior to 
depositing the suspension of minced tissue on the scaf- 
fold or at the site of tissue injury, the minced tissue sus- 
pension can be filtered and concentrated, such that only 
a small quantity of physiological buffering solution re- 
mains in the suspension to prevent the tissue particles 
from drying out, and the minced tissue particles can be 
directly applied to the scaffold or site of injury. Prefera- 
bly, the minced tissue particles are loaded at a concen- 
tration in the range of approximately 1 to 100 mg/cm 2 , 
and more preferably in the range of about 1 to 20 mg/ 
cm 2 . 

[0066] The suspension of minced living tissue can be 
used to create a tissue repair implant according to the 
present invention by depositing the suspension of living 
tissue upon a biocompatible scaffold, such that the tis- 
sue and the scaffold become associated. Preferably, the 
tissue is associated with at least a portion of the scaffold. 
The tissue repair implant can be implanted in a subject 
immediately, or alternatively, the construct can be incu- 
bated under sterile conditions for a duration and under 
conditions that are effective to maintain the viability of 
the tissue sample. In embodiments where the construct 
is incubated, the incubation conditions can vary, but 
preferably, the construct is incubated for a duration in 
the range of 1 hour to 6 weeks, and more preferably be- 
tween about 1 week and 6 weeks, at a temperature in 
the range of about 20 to 40 °C, and in an atmosphere 
containing between about 5 and 10 % carbon dioxide 
(C0 2 ) and high humidity, e.g., approximately 100% hu- 
midity. 

[0067] A kit can be used to assist in the preparation 
of the tissue repair implants of the present invention. Ac- 
cording to the present invention, the kit includes a sterile 
container that houses one or more biocompatible scaf- 
folds, a harvesting tool for collecting the living tissue 
sample from a subject, and one or more reagents for 
sustaining the viability of the tissue sample. Suitable re- 
agents for sustaining the viability of the tissue sample 
include a physiological solution, such as for example, 
saline, phosphate buffering solution, Hank's balanced 
salts, standard cell culture medium, Dulbecco's modi- 
fied Eagle's medium, ascorbic acid, HEPES, nonessen- 
tial amino acid, L-proline, fetal bovine serum, autolo- 
gous serum, and combinations thereof. The kit can also 
include a processing tool for dividing the tissue into 
minced tissue particles, or alternatively, the harvesting 
tool can be adapted to collect the tissue sample and to 
process the sample into finely divided tissue particles. 
The kit can, optionally, also include a delivery device for 
transferring the scaffold from the sterile container to a 



subject for implantation. 

[0068] A biological component may, optionally, be in- 
corporated within the tissue repair implants of the 
present invention. Preferably, the biological component 

5 is incorporated within, or coated on, the scaffolds dis- 
closed above. In embodiments where the biological 
component is coated onto the scaffold, the biological 
component is preferably associated with at least a por- 
tion of the scaffold. By way of nonlimiting example, the 

10 biocompatible scaffold can include an adhesion agent 
for anchoring the suspension of minced tissue frag- 
ments to the scaffold. Preferably, the adhesion agent is 
an anchoring agent, a cross-linking agent (i.e., chemical 
or physical), and combinations thereof. 

15 [0069] Suitable anchoring agents include, but are not 
limited to, hyaluronic acid, fibrin glue, fibrin clot, blood 
clot, collagen gel, alginate gel, gelatin-resorcin-formalin 
adhesive, mussel-based adhesive, dihydroxyphenyla- 
lanine (DOPA) based adhesive, chitosan, transglutam- 

20 inase, poly(amino acid)-based adhesive, cellulose- 
based adhesive, polysaccharide-based adhesive, syn- 
thetic acrylate-based adhesives, platelet rich plasma 
(PRP), platelet poor plasma (PPP), clot of PRP, clot of 
PPP, Matrigel, Monostearoyl Glycerol co-Succinate 

25 (MGSA), Monostearoyl Glycerol co-Succinate/polyeth- 
ylene glycol (MGSA/PEG) copolymers, laminin, elastin, 
proteoglycans, and combinations thereof. 
[0070] Suitable cross-linking agents include, for ex- 
ample, divinyl sulfone (DVS), polyethylene glycol divinyl 

30 sulfone (VS-PEG-VS), hydroxyethyl methacrylate divi- 
nyl sulfone (HEMA-DIS-HEMA), formaldehyde, glutar- 
aldehyde, aldehydes, isocyanates, alkyl and aryl hali- 
des, imidoesters, N-substituted maleimides, acylating 
compounds, carbodiimide, hydroxychloride, N-hydroxy- 

35 succinimide, light (e.g., blue light and UV light), pH, tem- 
perature, and combinations thereof. 
[0071] The biological components used in the present 
invention can also be selected from among a variety of 
effectors that, when present at the site of injury, promote 

40 healing and/or regeneration of the affected tissue. In ad- 
dition to being compounds or agents that actually pro- 
mote or expedite healing, the effectors may also include 
compounds or agents that prevent infection (e.g., anti- 
microbial agents and antibiotics), compounds or agents 

45 that reduce inflammation (e.g., anti-inflammatory 
agents), compounds that prevent or minimize adhesion 
formation, such as oxidized regenerated cellulose (e.g., 
INTERCEED and Surgicel®, available from Ethicon, 
Inc.), hyaluronic acid, and compounds or agents that 

so suppress the immune system (e.g., immunosuppres- 
sants). 

[0072] By way of example, other types of effectors 
present within the implant of the present invention can 
include heterologous or autologous growth factors, pro- 
55 teins (including matrix proteins), peptides, antibodies, 
enzymes, platelets, glycoproteins, hormones, cy- 
tokines, glycosaminoglycans, nucleic acids, analgesics, 
viruses, virus particles, and cell types. It is understood 
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that one or more effectors of the same or different func- 
tionality may be incorporated within the implant. 
[0073] Examples of suitable effectors include the mul- 
titude of heterologous or autologous growth factors 
known to promote healing and/or regeneration of injured 5 
or damaged tissue. These growth factors can be incor- 
porated directly into the biocompatible scaffold, or alter- 
natively, the biocompatible scaffold can include a source 
of growth factors, such as for example, platelets. Exem- 
plary growth factors include, but are not limited to, TGF- 
(3, bone morphogenic protein , cartilage-derived morpho- 
geny protein, fibroblast growth factor, platelet-derived 
growth factor, vascular endothelial cell-derived growth 
factor (VEGF), epidermal growth factor, insulin-like 
growth factor, hepatocyte growth factor, and fragments 
thereof. Suitable effectors likewise include the agonists 
and antagonists of the agents noted above. The growth 
factor can also include combinations of the growth fac- 
tors listed above. In addition, the growth factor can be 
autologous growth factor that is supplied by platelets in 
the blood. In this case, the growth factor from platelets 
will be an undefined cocktail of various growth factors. 
Platelets are normally found in the blood and play a role 
in hemostasis and wound healing. During clot formation, 
the platelets become activated and release growth fac- 
tors such as PDGF, TGF-p, VEGF, and IGF Platelets 
can be separated from blood using techniques such as 
centrifugation. When platelet rich plasma (PRP) is com- 
bined with an activator, a platelet clot is created. An ac- 
tivator can be, but is not limited to, thrombin, adenosine 
di-phosphate (ADP), collagen, epinephrine, arachidonic 
acid, Ristocetin, calcium, and combinations thereof. 
[0074] The proteins that may be present within the im- 
plant include proteins that are secreted from a cell or 
other biological source, such as for example, a platelet, 
which is housed within the implant, as well as those that 
are present within the implant in an isolated form. The 
isolated form of a protein typically is one that is about 
55% or greater in purity, i.e., isolated from other cellular 
proteins, molecules, debris, etc. More preferably, the 
isolated protein is one that is at least 65% pure, and 
most preferably one that is at least about 75 to 95% 
pure. Notwithstanding the above, one of ordinary skill in 
the art will appreciate that proteins having a purity below 
about 55% are still considered to be within the scope of 
this invention. As used herein, the term "protein" em- 
braces glycoproteins, lipoproteins, proteoglycans, pep- 
tides, and fragments thereof. Examples of proteins use- 
ful as effectors include, but are not limited to, pleio- 
trophin, endothelin, tenascin, fibronectin, fibrinogen, vit- 
ronectin, V-CAM, l-CAM, N-CAM, selectin, cadherin, in- 
tegrin, laminin, actin, myosin, collagen, microfilament, 
intermediate filament, antibody, elastin, fibrillin, and 
fragments thereof. 

[0075] Glycosaminoglycans, highly charged polysac- 
charides which play a role in cellular adhesion, may also 
serve as effectors according to the present invention. 
Exemplary glycosaminoglycans useful as effectors in- 



clude, but are not limited to, heparan sulfate, heparin, 
chondroitin sulfate, dermatan sulfate, keratan sulfate, 
hyaluronan (also known as hyaluronic acid), and com- 
binations thereof. 

[0076] The biocompatible scaffolds of the present in- 
vention can also have cells incorporated therein. Suita- 
ble cell types that can serve as effectors according to 
this invention include, but are not limited to, osteocytes, 
osteoblasts, osteoclasts, fibroblasts, stem cells, pluripo- 
tent cells, chondrocyte progenitors, chondrocytes, en- 
dothelial cells, macrophages, leukocytes, adipocytes, 
monocytes, plasma cells, mast cells, umbilical cord 
cells, stromal celts, mesenchymal stem cells, epithelial 
cells, myoblasts, tenocytes, ligament fibroblasts, neu- 
rons, and bone marrow cells. Cells typically have at their 
surface receptor molecules which are responsive to a 
cognate ligand (e.g., a stimulator). A stimulator is a lig- 
and which when in contact with its cognate receptor in- 
duce the cell possessing the receptor to produce a spe- 
cific biological action. For example, in response to a 
stimulator (or ligand) a cell may produce significant lev- 
els of secondary messengers, like Ca 42 , which then will 
have subsequent effects upon cellular processes such 
as the phosphorylation of proteins, such as (keeping 
with our example) protein kinase C. In some instances, 
once a cell is stimulated with the proper stimulator, the 
cell secretes a cellular messenger usually in the form of 
a protein (including glycoproteins, proteoglycans, and 
lipoproteins). This cellular messenger can be an anti- 
body (e.g., secreted from plasma cells), a hormone, (e. 
g., a paracrine, autocrine, or exocrine hormone), a cy- 
tokine, or natural or synthetic fragments thereof. 
[0077] The tissue implants of the invention can also 
be used in gene therapy techniques in which nucleic ac- 
ids, viruses, or virus particles deliver a gene of interest, 
which encodes at least one gene product of interest, to 
specific cells or cell types. Accordingly, the biological ef- 
fector can be a nucleic acid (e.g., DNA, RNA, or an oli- 
gonucleotide), a virus, a virus particle, or a non-viral vec- 
tor. The viruses and virus particles may be, or may be 
derived from, DNA or RNA viruses. The gene product 
of interest is preferably selected from the group consist- 
ing of proteins, polypeptides, interference ribonucleic 
acids (iRNA) and combinations thereof. 
[0078] Once the applicable nucleic acids and/or viral 
agents (i.e., viruses or viral particles) are incorporated 
into the biocompatible scaffold of the tissue repair im- 
plant, the implant can then be implanted into a particular 
site to elicit a type of biological response. The nucleic 
acid or viral agent can then be taken up by the cells and 
any proteins that they encode can be produced locally 
by the cells. In one embodiment, the nucleic acid or viral 
agent can be taken up by the cells within the tissue frag- 
ment of the minced tissue suspension, or, in an alterna- 
tive embodiment, the nucleic acid or viral agent can be 
taken up by the cells in the tissue surrounding the site 
of the injured tissue. One of ordinary skill in the art will 
recognize that the protein produced can be a protein of 
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the type noted above, or a similar protein that facilitates 
an enhanced capacity of the tissue to heal an injury or 
a disease, combat an infection, or reduce an inflamma- 
tory response. Nucleic acids can also be used to block 
the expression of- unwanted gene product that may im- 5 
pact negatively on a tissue repair process or other nor- 
mal biological processes. DNA, RNA and viral agents 
are often used to accomplish such an expression block- 
ing function, which is also known as gene expression 
knock out. 

[0079] One of ordinary skill in the art will appreciate 
that the identity of the biological component may be de- 
termined by a surgeon, based on principles of medical 
science and the applicable treatment objectives. 
[0080] The biological component or effector of the is- 
sue repair implant can be incorporated within the scaf- 
fold before or after man uf acture of the scaffold , or before 
or after the surgical placement of the implant. 
[0081] Prior to surgical placement, the biocompatible 
scaffold can be placed in a suitable container compris- 
ing the biological component. After an appropriate time 
and under suitable conditions, the scaffold will become 
impregnated with the biological component. Alternative- 
ly, the biological component can be incorporated within 
the scaffold by, for example, using an appropriately 
gauged syringe to inject the biological agent(s) into the 
scaffold. Other methods well known to those of ordinary 
skill in the art can be applied in order to load a scaffold 
with an appropriate biological component, such as mix- 
ing, pressing, spreading, centrifuging and placing the bi- 
ological component into the scaffold. Alternatively, the 
biological component can be mixed with a gel-like car- 
rier prior to injection into the scaffold. The gel-like carrier 
can be a biological or synthetic hydrogel, including an 
alginate, a cross-linked alginate, hyaluronic acid, colla- 
gen gel, fibrin glue, fibrin clot, poly(N-isopropylacryla- 
mide), poly(oxyalkylene), agarose, chitin, chitosan, cel- 
lulose, polysaccharides, poly(oxyalkylene), a copoly- 
mer of poly(ethylene oxide)-poly(propylene oxide), poly 
(vinyl alcohol), polyacrylate, platelet poor plasma (PPP) 
clot, laminin, solubilized basement membrane, and 
combinations thereof. 

[0082] Following surgical placement, an implant 
wherein the biocompatible scaffold is devoid of any bi- 
ological component can be infused with biological agent 
(s), or an implant wherein the scaffold includes at least 
one biological component can be augmented with a sup- 
plemental quantity of the biological component. One 
method of incorporating a biological component within 
a surgically installed implant is by injection using an ap- 
propriately gauged syringe. 

[0083] The amount of the biological component in- 
cluded with a biocompatible scaffold will vary depending 
on a variety of factors, including the size of the scaffold, 
the material from which the scaffold is made, the poros- 
ity of the scaffold, the identity of the biologically compo- 
nent, and the intended purpose of the tissue repair im- 
plant. One of ordinary skill in the art can readily deter- 



mine the appropriate quantity of biological component 
to include within a biocompatible scaffold for a given ap- 
plication in order to facilitate and/or expedite the healing 
of tissue. The amount of biological component will, of 
course, vary depending upon the identity of the biolog- 
ical component and the given application. 
[0084] In another embodiment, the tissue repair im- 
plant can include an additional retaining element that is 
placed over the tissue-laden scaffold. Preferably, in this 
embodiment, at least a portion of the tissue suspension 
is associated with at least a portion of the outer surface 
of the scaffold, such that the tissue suspension is "sand- 
wiched" between the biocompatible scaffold and the re- 
taining element. The retaining element can be formed 
from virtually any biocompatible material, and in one 
embodiment, the retaining element can be formed using 
tissue grafts, including grafts obtained from allogeneic 
tissue, autogeneic tissue, and xenogeneic tissue, an ad- 
ditional biocompatible scaffold selected from the bio- 
compatible scaffolds disclosed above, and combina- 
tions thereof. In another embodiment, the retaining ele- 
ment can be a porous mesh, a porous mesh-like mate- 
rial, such as for example, a knit, a weave, a nonwoven, 
or a thin, perforated elastomeric sheet having pores or 
perforations to allow tissue ingrowth. The thin, perforat- 
ed elastomeric sheets are preferably constructed from 
collagen or silk or blends or copolymers of polylactic ac- 
id (PLA), polyglycolic acid (PGA), polycapro lactone 
(PCL) and polydioxanone (PDO). The type of retaining 
element used can vary according to the desired tissue 
repair. By way of non-limiting example, in one embodi- 
ment for meniscus repair, the retaining element can be 
a mesh-reinforced foam. In another embodiment, the re- 
taining element can be a mesh structure. These retain- 
ing elements can be placed over the biocompatible scaf- 
fold, or alternatively, the retaining element can be af- 
fixed, such as for example, by suturing or stapling, the 
implant to act as a retaining element. One of ordinary 
skill in the art will appreciate that additional processing 
of the retaining element, such as for example, the place- 
ment of holes within the retaining element, may be de- 
termined by a surgeon, based on principles of medical 
science and the applicable treatment objectives. 
[0085] In yet another embodiment, an electrostatically 
spun fabric barrier may be added to the implant to act 
as a barrier to hyperplasia and tissue adhesion, thus re- 
ducing the possibility of postsurgical adhesions. The 
fabric barrier is preferably in the form of dense fibrous 
fabric that is added to the implant. Preferably, the fibrous 
fabric is comprised of small diameter fibers that are 
fused to the top and/or bottom surface of the biocom- 
patible scaffold. This enables certain surface properties 
of the structure, such as porosity, permeability, degra- 
dation rate and mechanical properties, to be controlled. 
[0086] One of ordinary skill in the art will appreciate 
that the fibrous fabric can be produced via an electro- 
static spinning process in which a fibrous layer can be 
built up on lyophilized foam and nonwoven surfaces. 
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This electrostatic spinning process may be conducted 
using a variety of fiber materials. Exemplary fiber mate- 
rials include aliphatic polyesters. A variety of solvents 
may be used as well, including those identified above 
that are useful to prepare the polymer solution that forms s 
the foam component. 

[0087] The composition, thickness, and porosity of 
the fibrous layer may be controlled to provide the de- 
sired mechanical and biological characteristics. For ex- 
ample, the bioabsorption rate of the fibrous layer may 10 
be selected to provide a longer or shorter bioabsorption 
profile as compared to the underlying biocompatible 
scaffold. Additionally, the fibrous layer may provide 
greater structural integrity to the composite so that me- 
chanical force may be applied to the fibrous side of the 15 
structure. In one embodiment the fibrous layer could al- 
low the use of sutures, staples or various fixation devic- 
es to hold the composite in place. Generally, the fibrous 
layer has a thickness in the range of about 1 micron to 
1000 microns. 20 
[0088] The tissue repair implant of the present inven- 
tion can be used for resurfacing a diseased or damaged 
articular surface in a patient, and the tissue repair im- 
plant is configured to cover substantially an entire sur- 
face area of the prepared articular surface where dis- 25 
eased cartilage tissue has been removed. 
[0089] In one embodiment of the present invention, 
the tissue repair implant is used in the treatment of a 
tissue injury, such as injury to a ligament, tendon, nerve, 
skin, cartilage or meniscus. Repairing tissue injuries in- 30 
volves the steps of obtaining a sample of living tissue 
by any of the variety of techniques known to those hav- 
ing ordinary skill in the art, processing that sample of 
living tissue under sterile conditions, such as for exam- 
ple by cutting the tissue, to create at least one minced, 35 
finely divided tissue particle, depositing the tissue sam- 
ple upon the biocompatible scaffold, such that the tissue 
sample becomes associated with the scaffold to form a 
tissue repair implant, and placing the tissue repair im- 
plant in a desired position relative to the tissue injury. 40 
Repairing tissue injuries may also involve placing the 
scaffold at the site of tissue injury and then depositing 
the fine tissue particles onto the scaffold. The cells in 
the tissue particles associated with the scaffold can mi- 
grate to the scaffold and begin proliferating and integrat- 45 
ing with surrounding tissue at the site of implantation, 
thereby repairing the tissue injury. This method for re- 
pairing tissue injuries can include an additional, optional 
step. Prior to the step of placing the tissue repair implant 
in a desired position relative to the tissue injury, the scaf- so 
fold and associated tissue particles can be incubated for 
a duration and under conditions effective to allow cells 
within the tissue particles to migrate from the tissue and 
begin populating the scaffold. In an exemplary embod- 
iment of the present invention, the tissue repair implant 55 
is used for resurfacing a diseased or damaged articular 
surface in a patient, and the tissue repair implant is con- 
figured to cover substantially an entire surface area of 



the articular surface. In the context of articular resurfac- 
ing, the method of the invention is particularly applicable 
to the resurfacing and/or repair of relatively large areas 
of defective cartilage, such as those having a surface 
area in the range of about 1 0 to 20 cm 2 . 
[0090] The tissue samples used in the present inven- 
tion are obtained from a donor (autogenic, allogeneic, 
or xenogeneic) using appropriate harvesting tools. The 
tissue samples can be finely minced and divided into 
small particles either as the tissue is collected, or alter- 
natively, the tissue sample can be minced after it is har- 
vested and collected outside the body. In embodiments, 
where the tissue sample is minced after it is harvested, 
the tissue samples can be weighed and then washed 
three times in phosphate buffered saline. Approximately 
300 to 500 mg of tissue can then be minced in the pres- 
ence of a small quantity, such as, for example, about 1 
ml, of a physiological buffering solution, such as, for ex- 
ample, phosphate buffered saline, or a matrix digesting 
enzyme, such as, for example, 0.2 % collagenase in 
Hams F1 2. Mincing the tissue divides the tissue into par- 
ticles or small pieces of approximately 1mm 3 . Mincing 
the tissue can be accomplished by a variety of methods. 
In one embodiment, the mincing is accomplished with 
two sterile scalpels using a parallel direction, and in an- 
other embodiment, the tissue can be minced by a 
processing tool that automatically divides the tissue into 
particles of a desired size. In one embodiment, the 
minced tissue can be separated from the physiological 
fluid and concentrated using any of a variety of methods 
known to those having ordinary skill in the art, such as 
for example, sieving, sedimenting orcentrifuging. In em- 
bodiments where the minced tissue is filtered and con- 
centrated, the suspension of minced tissue preferably 
retains a small quantity of fluid in the suspension to pre- 
vent the tissue from drying out. In another embodiment, 
the suspension of minced tissue is not concentrated, 
and the minced tissue can be directly delivered to the 
site of tissue repair via a high concentration tissue sus- 
pension orothercarriersuch as forexample, ahydrogel, 
fibrin glue, or collagen. In this embodiment, the minced 
tissue suspension can be covered by any of the biocom- 
patible scaffolds described above to retain the tissue 
fragments in place. 

[0091] The minced tissue can then be distributed onto 
a scaffold using a cell spreader so as to cover the entire 
scaffold. In a preferable embodiment for meniscus and 
cartilage repair, the minced tissue is spread onto 4X5 
cm scaffolds that have been presoaked in Dulbecco's 
modified Eagles medium (DM EM) so as to cover the en- 
tire scaffold. Optionally, the tissue particles can be ad- 
hered to the scaffolds using any of the adhesive agents 
described above, such as, for example, fibrin glue or 
platelet rich plasma. In embodiments using fibrin glue 
or platelet rich plasma, a few microliters of thrombin can 
be placed on the scaffolds, prior to distribution of fibrin- 
ogen or platelet rich plasma on the scaffolds, and al- 
lowed to set. Once the tissue particles and any addition- 
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al agents have been deposited on the scaffold, the tis- 
sue repair implant can then implanted immediately, or 
alternatively, the implant can be cultured in vitro for a 
duration and under conditions sufficient to allow the cells 
in the tissue particles to migrate from the tissue particles 5 
onto the scaffold. In an embodiment where the tissue 
repair implant is incubated prior to implantation, the im- 
plant is preferably cultured in vitro for approximately 1 - 
3 weeks in a chondrocyte growth medium, such as for 
example, DM EM-high glucose, supplemented with 20% 
fetal calf serum (FCS), 10 mM HEPES, 0.1 mM nones- 
sential amino acids, 20 mg/ml of L-proline, 50 mg/ml 
ascorbic acid, 100 mg/ml penicillin, 100 mg/ml of strep- 
tomycin and 0.25 mg/ml of amphotericin B. 
[0092] The methods of repairing tissue injuries using 
the tissue implants according to the present invention 
can be conducted during a surgical operation to repair 
the tissue injury. Alternatively, the steps of processing 
the tissue sample to create minced, finely divided tissue 
particles, depositing the tissue particles upon the scaf- 
fold to form a tissue repair implant, and/or incubating 
the tissue repair implant prior to implantation can be 
conducted at another, sterile location prior to surgical 
placement of the implant relative to the site of injury. 
[0093] The implants used to repair injured tissue can 
be of a size and shape such that they match the geom- 
etry and dimensions of a desired portion or lesion of the 
tissue to be treated. The implant can be sized and 
shaped to produce the necessary geometry by numer- 
ous techniques including cutting, folding, rolling, or oth- 
erwise manipulating the implant. As noted above, the 
biological component may be added to the scaffold dur- 
ing or after manufacture of the scaffold or before or after 
the implant is installed in a patient. An additional quan- 
tity of the biological component may be added after the 
implant is installed. Once access is made into the affect- 
ed anatomical site (whether by minimally invasive, open 
or mini-open surgical technique), the implant can be af- 
fixed to a desired position relative to the tissue injury, 
such as within a tear or lesion. Once the implant is 
placed in the desired position or lesion, it can be affixed 
by using a suitable technique that allows implant reten- 
tion in a mechanically dynamic environment. In one as- 
pect, the implant can be affixed by a chemical and/or 
mechanical fastening technique. Suitable chemical fas- 
teners include glues and/or adhesive such as fibrin glue, 
fibrin clot, and other known biologically compatible ad- 
hesives. Suitable mechanical fasteners include sutures, 
staples, tissue tacks, suture anchors, darts, screws, 
pins and arrows. It is understood that combinations of 
one or more chemical and/or mechanical fasteners can 
be used. Alternatively, one need not use any chemical 
and/or mechanical fasteners. Instead, placement of the 
implant can be accomplished through an interference fit 
of the implant with an appropriate site in the tissue to be 
treated. 

[0094] In one use, the tissue repair implant can be 
used for repairing and replacing damaged or diseased 



cartilage tissue at an articular surface during articular 
resurfacing surgery or it can be used as a stand alone 
device. In the case of repair, damaged or diseased car- 
tilage tissue on the articular surface of a bone joint is 
removed during surgery, along with fibrillation and fis- 
suring wounds. The articular surface is debrided and 
prepared to expose a subchondral bone surface that will 
receive the tissue repair implant. Prior to placement of 
the implant, the subchondral bone surface can be treat- 
ed with marrow stimulation techniques such as by form- 
ing microfractures or drilling to provide an abrasion on 
the surface. The marrow stimulation techniques enable 
cellular contribution from the marrow cells to the tissue 
repair process. The implant provides mechanical sup- 
port to the joint while also enabling new cartilage to grow 
within the implant and eventually replace the implant 
with new tissue having similar mechanical properties to 
that of native cartilage tissue. The implant provides the 
mechanical support that is initially necessary to ensure 
proper joint function, and also serves as a guide for tis- 
sue regeneration. In another use as a stand alone de- 
vice, the diseased cartilage tissue is removed from the 
articular surface, and the tissue repair implant with 
minced cartilage tissue serves to replace the function of 
the damaged cartilage. The minced cartilage tissue 
serves as the tissue source for the growth of new carti- 
lage tissue. 

[0095] The implants of the present invention can also 
be used as a delivery device for a therapeutic, wherein 
the therapeutic is the minced tissue, which includes a 
combination of cells, extracellular matrix and inherent 
growth factors. The scaffold portion of the implant can 
allow for hormones and proteins to be released into the 
surrounding environment. 

[0096] The methods of repairing tissue injuries using 
the tissue implants according to the present invention 
can be conducted during a surgical operation to repair 
the tissue injury. FIG. 1 illustrates an exemplary method 
of resurfacing a diseased or damaged articular surface 
in a patient who has been diagnosed with an isolated 
cartilage lesion (and does not have an anterior cruciate 
ligment (ACL) rupture or torn meniscus damage). As 
shown, the patient is prepared for tissue repair surgery 
in a conventional manner using conventional surgical 
techniques. Tissue repair is performed at the site of in- 
jured tissue using the tissue repair implants of the 
present invention. In the present example shown, the 
site of tissue injury is the condylar surface 1 0 of the pa- 
tient's knee joint. Using appropriate tools such as the 
harvesting tool 20 shown, a tissue sample can be har- 
vested from the patient (or another donor) to form the 
tissue repair implant 30. Preferably, the tissue compris- 
es healthy cartilage tissue. The tissue sample is finely 
minced and divided into at least one tissue particle hav- 
ing a particle size in the range of about 0.1 to 3 mm 3 . 
The tissue can be minced using a conventional mincing 
technique such as two sterile scalpels used in a parallel 
direction. Between about 300 to 500 mg of tissue is 
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minced in the presence of about 1 ml of a physiological 
buffering solution, depending on the extent of the tissue 
injury at the site of repair. The minced tissue is filtered 
and concentrated to separate the minced tissue particle 
from the physiological buffering solution. The minced 
tissue can be concentrated using any of a variety of con- 
ventional techniques, such as for example, sieving, sed- 
imenting orcentrifuging. The minced tissue particles are 
then distributed using a cell spreader or tissue disperser 
40 as shown in FIG. 1 . A 4 X 5 cm biocompatible scaffold 
32 can be held within the disperser 40, such as within a 
holding ring 22, and soaked in Dulbecco's modified Ea- 
gles medium (DMEM). An adhesion agent 50 such as 
platelet rich plasma (PRP) can be added to the biocom- 
patible scaffold and the minced tissue particles. 
[0097] To prepare the articular surface 12 for receiv- 
ing the tissue repair implant, the articular surface 1 2 can 
be debrided to expose a subchondral bone surface 14. 
If desired, one or more holes can be formed on the ex- 
posed subchondral bone surface 1 4 to induce bleeding 
and effect marrow cell infiltration. The tissue repair im- 
plant 30 is then implanted at the site of tissue injury, ei- 
ther immediately or after a period of in vitro incubation. 
Preferably, the size of the tissue repair implant 32 placed 
within the prepared area will generally conform to the 
size and shape of the defect and/or the prepared area. 
As shown in FIG. 1 , the side of the implant 32 with the 
layer of minced tissue should be placed down on the 
prepared subchondral bone surface 14. If desired, the 
implant can then be secured in place using one or more 
fastening agents. Suitable fastening agents include fas- 
teners, staples, tissue tacks, suture, adhesive, and com- 
binations thereof. For example, a biocompatible, bioab- 
sorbable staple 60 as illustrated in FIG. 1 can be applied 
to secure the tissue loaded implant 30 onto the prepared 
subchondral surface 14. The secured implant can be 
trimmed around its edges using a scalpel. Additionally, 
a sealing agent such as fibrin glue can be applied to seal 
the implant around the edges. Final wound closure is 
performed in a conventional manner using conventional 
surgical techniques. 

[0098] The following examples are illustrative of the 
principles and practice of this invention. Numerous ad- 
ditional embodiments within the scope and spirit of the 
invention will become apparent to those skilled in the art. 

EXAMPLE 1 

[0099] The primary objective of this study was to test 
implant retention for resurfacing large chondral defects 
in a high weight-bearing condyle area such as in the 
knee joint. 

A. Creation of Chondral Defect 

[0100] Defects were created on weight bearing con- 
tour of the medial femoral condyle (MFC) of eight (8) 
goats. The MFC's were accessible from medial arthrot- 



omy in a randomly assigned stifle. The removal of full 
thickness cartilage (ICRS Grade 3) was achieved by the 
use of scalpel and curettage. Cartilage was manually 
removed to the level of subchondral tidemark, but to 
5 make sure that the bone was not visibly exposed. Two 
sizes of defect were tested in this study, 20 x 20 mm 
rectangular and 7 mm circular. There was one defect 
per stifle per goat. 



[0101] For this implant retention test implants were 
prepared by loading fibrin glue onto the pre-wetted scaf- 
fold of appropriate sizes. The composition of the scaf- 

15 folds used was a 95 :5 copolymer of lactide and glycol ide 
formed in a non-woven structure, which provides a fa- 
vorable structural environment for cell ingrowth, infiltra- 
tion or migration into and out of the scaffolds. No cells, 
tissue fragments or bioactives were loaded with these 

20 implants for the purpose of this study. Fibrin glue was 
applied to facilitate the adhesion of the implant to the 
subchondral bone surface. 

C. Implant Resurfacing and Affixation 

25 

[01 02] The implants, which were slightly larger in size 
than the defects, were placed on the defects and se- 
cured to the subchondral bone with staples. For the larg- 
er defect (20 x 20 mm), 5 to 6 staples were used and 
30 only 1 staple was used for the smaller (7 mm) defect. 
Finally the extra scaffold material on the peripheral edg- 
es was trimmed with surgical scissors to ensure a 
smooth connection and transition between the implant 
surface and adjacent native cartilage. 

35 

D. Post-Operative Rehabilitation 

[0103] A fiberglass cast/Schroeder-Thomas Splint 
was applied post-operatively to each of the treated an- 

40 imals for two to four-weeks depending on the rehab pro- 
tocols. The fiberglass cast/Schroeder-Thomas Splint 
was examined daily on individual goats to make sure 
the operated limb was free from direct weight loading. 
The rehabilitation protocol used for these goats called 

45 for two weeks of immobilization after the surgeries. 
These goats were walking for another two weeks with- 
out any immobilizing measure before euthanasia. 

E. Summary of the Results 

so 

[0104] Both gross and histology analyses showed 
that implant retention with 7 mm circular defect was per- 
fect even in the MFC area. Signs of intact staples and 
scaffold fibers were observed in all the cases. 
55 [0105] One of ordinary skill in the art will appreciate 
further features and advantages of the invention based 
on the above-described embodiments. Accordingly, the 
invention is not to be limited by what has been particu- 
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larly shown and described, except as indicated by the 
appended claims. All publications and references cited 
herein are expressly incorporated herein by reference 
in their entirety. 



Claims 

1 . Use of a tissue repair implant formed of a biocom- 
patible, bioresorbable scaffold in the manufacture 10 
of a medicament for resurfacing a diseased or dam- 
aged articular surface. 

2. The use of claim 1 , wherein the scaffold is formed 
from a synthetic polymer, a natural polymer, an in- 15 
jectable gel, a ceramic material, autogeneic tissue, 
allogeneic tissue, xenogeneic tissue or a combina- 
tion thereof. 

3. The use of claim 1 or claim 2, wherein the scaffold 20 
is configured to cover substantially an entire surface 
area of the articular surface. 

4. The use of any one of claims 1 to 3, wherein the 
tissue repair implant includes at least one biological 25 
component in association with the scaffold. 



sion agent for anchoring the suspension of tissue 
fragment to the biocompatible scaffold. 

11. The use of claim 10, wherein the adhesion agent 
comprises a hyaluronic acid, fibrin glue, fibrin clot, 
collagen gel, gelatin-resorcin-formalin adhesive, 
mussel-based adhesive, dihydroxyphenylalanine 
(DOPA) based adhesive, chitosan, transglutami- 
nase, poly(amino acid)-based adhesive, cellulose- 
based adhesive, synthetic acrylate-based adhe- 
sive, platelet rich plasma (PRP), Matrigel, Monos- 
tearoyl Glycerol co-Succinate (MGSA), Monos- 
tearoyl Glycerol co-Succinate/polyethylene glycol 
(MGSA/PEG) copolymer, laminin, elastin or prote- 
oglycan anchoring agent or a combination thereof. 

1 2. The use of claim 1 0 or claim 1 1 , wherein the adhe- 
sion agent comprises a divinyl sulfone (DVS), pol- 
yethylene glycon divinyl sulfone (VS-PEG-VS), hy- 
droxyethyl methacrylate divinyl sulfone (HE- 
MA-DIS-HEMA), formaldehyde, glutaraldehyde, al- 
dehyde, isocyanate, alkyl oraryl halide, imidoester, 
N-substituted maleimide, acylating compound, car- 
bodiimide, hydroxychloride, N-hydroxysuccinimide, 
light, pH or temperature chemical cross-linking 
agent or a combination thereof. 



5. The use of claim 5, wherein the biological compo- 
nent comprises at least one tissue fragment having 

an effective amount of viable cells that can migrate 30 
out of the tissue fragment and populate the scaffold. 

6. The use of claim 5, wherein the at least one tissue 
fragment includes a plurality of cells, at least a por- 
tion of which, upon implantation at a surgical site, 35 
is able to migrate out of the tissue fragment associ- 
ated with the scaffold to proliferate and integrate 
with surrounding tissue at a site of implantation. 

7. The use of claim 5, wherein the at least one tissue 40 
fragment includes a plurality of cells, at least a por- 
tion of which, prior to implantation at a surgical site, 

is able to migrate out of the tissue fragment associ- 
ated with the scaffold to proliferate and populate the 
scaffold. 45 

8. The use of any one of claims 5 to 7, wherein the at 
least one tissue fragment comprises autogeneic tis- 
sue, allogeneic tissue, xenogeneic tissue or a com- 
bination thereof. 50 

9. The use of any one of claims 5 to 8, wherein the at 
least one tissue fragment comprises cartilage-, me- 
niscus-, tendon- or ligament- bone-free tissue or a 
combination thereof. 5 5 

10. The use of any one of claims 5 to 9, wherein the 
biocompatible scaffold further comprises an adhe- 



13. The use of any one of claims 5 to 12, wherein the 
cells of the tissue fragments are genetically modi- 
fied prior to implantation. 

14. The use of claim 4, wherein the biological compo- 
nent is an antibiotic, antimicrobial agent, anti-in- 
flammatory agent, growth factor, hormone, cy- 
tokine, protein, glycosaminoglycan, immunosup- 
pressant, nucleic acid, analgesic, cell type, virus, vi- 
rus particle or a combination thereof. 

15. The use of claim 14, wherein the cell type is an os- 
teocyte, fibroblast, stem cell, pluripotent cell, 
chondrocyte progenitor, chondrocyte, osteoclast, 
osteoblast, endothelial cell, macrophage, adi- 
pocyte, monocyte, plasma cell, mast cell, umbilical 
cord cell, leukocyte, stromal cell, mesenchymal 
stem cell, epithelial cell, myoblast, tenocyte, liga- 
ment fibroblast or bone marrow cell type. 

16. The use of any one of claims 4 to 15, wherein the 
biocompatible scaffold further comprises at least 
one additional biological component applied there- 
to. 

17. The use of claim 16, wherein the at least one addi- 
tional biological component comprises a growth 
factor, matrix protein, peptide, antibody, enzyme, 
cytokine, virus, nucleic acid, peptide, isolated cell, 
platelet or a combination thereof. 
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18. The use of claim 17, wherein the at least one addi- 
tional biological component comprises platelets 
and further wherein the platelets are delivered in an 
alginate, cross-linked alginate-, hyaluronic acid-, 
collagen-, fibrin glue-, fibrin clot-, poly(N-isopropy- 
lacrylamide)-, agarose-, chitin-, chitosan-, cellu- 
lose-, polysaccharide-, poly(oxyalkylene)-, copoly- 
mer of poly(ethylene oxide)-poly(propylene oxide)-, 
polyvinyl alcohol)-, polyacrylate-, platelet poor 
plasma (PPP) clot-, laminin- or solubilized base- 
ment membrane- biological or synthetic hydrogel or 
a combination thereof. 

1 9. The use of claim 1 8, wherein the biological compo- 
nent further includes an activator of platelets. 

20. The implant of claim 19, wherein the activator of 
platelets is thrombin, adenosine di-phosphate 
(ADP), collagen, epinephrine, arachidonic acid, ris- 
tocetin or a combination thereof. 

21 . A kit for resurfacing a diseased or damaged articu- 
lar surface in a patient, comprising: 

a tissue repair implant formed of a biocompat- 
ible, bioresorbable scaffold, as defined in any 
one of claims 1 to 20; 

means for preparing the articular surface to re- 
ceive the tissue repair implant; 
means for implanting the tissue repair implant 
onto the prepared articular surface; and 
means for securing the tissue repair implant in 
place. 

22. The kit of claim 21 , wherein the means for preparing 
the articular surface includes a means for debriding 
the diseased or injured articular surface to expose 
a subchondral bone surface. 

23. The kit of claim 22, wherein the means for preparing 
the articular surface includes a means for forming 
one or more holes in the subchondral bone surface 
to induce bleeding and effect marrow cell infiltration. 

24. The kit of any one of claims 21 to 23, further com- 
prising a means for harvesting cartilage tissue from 
the patient. 

25. The kit of claim 23, further including means for minc- 
ing the harvested cartilage tissue to produce tissue 
fragments. 

26. The kit of claim 25, further including means for in- 
corporating the tissue fragments into the tissue re- 
pair implant. 

27. The kit of claim 26, further including means for in- 
cubating the tissue repair implant with the tissue 



34 

fragments prior to implantation. 

28. The kit of any one of claims 21 to 27, wherein means 
for securing the tissue repair implant is a fastener, 
5 staple, tissue tack, suture, adhesive or a combina- 
tion thereof. 
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